The abuse of cocaine during pregnancy has not been associated with major anatomical birth defects; however, a significant numbers of children exposed to cocaine in utero go on to develop select cognitive deficits, such as memory deficits, impulsivity, and difficulties in modulating attention (Delaney-Black et al. 1998; DowEdwards et al. 1999). Behavioral studies in animal models of prenatal cocaine exposure have demonstrated similar deficits in memory (Choi et al. 1998a; Cutler et al. 1996; Heyser et al. 1995; Levin and Seidler 1993; Morrow et al. 2000b; Tonkiss et al. 1997; Vorhees et al. 1995) and attention (Garavan et al. 2000; Mactutus 1999; Romano and Harvey 1996) . The identification of the sites and the underlying biochemical changes induced by in utero exposure to cocaine, however, remain elusive. Understanding the biochemical substrates of the behavioral deficits induced by prenatal cocaine is necessary if logical treatments for the condition are to be developed. We have chosen to use the expression of the immediateearly gene, c-fos , as a marker of neuronal activation. NO . 3 Many researchers, including in our own laboratory, have successfully used this marker to map and study stress responses (Kovacs 1998). The expression of Fos, however, does not solely indicate that the neuron has been activated but indicates that the neuron is in the process of undergoing longer-term adaptation brought about by activation.
The abuse of cocaine during pregnancy has not been associated with major anatomical birth defects; however, a significant numbers of children exposed to cocaine in utero go on to develop select cognitive deficits, such as memory deficits, impulsivity, and difficulties in modulating attention (Delaney-Black et al. 1998; DowEdwards et al. 1999) . Behavioral studies in animal models of prenatal cocaine exposure have demonstrated similar deficits in memory (Choi et al. 1998a; Cutler et al. 1996; Heyser et al. 1995; Levin and Seidler 1993; Morrow et al. 2000b; Tonkiss et al. 1997; Vorhees et al. 1995) and attention (Garavan et al. 2000; Mactutus 1999; Romano and Harvey 1996) . The identification of the sites and the underlying biochemical changes induced by in utero exposure to cocaine, however, remain elusive. Understanding the biochemical substrates of the behavioral deficits induced by prenatal cocaine is necessary if logical treatments for the condition are to be developed. We have chosen to use the expression of the immediateearly gene, c-fos , as a marker of neuronal activation.
Many researchers, including in our own laboratory, have successfully used this marker to map and study stress responses (Kovacs 1998) . The expression of Fos, however, does not solely indicate that the neuron has been activated but indicates that the neuron is in the process of undergoing longer-term adaptation brought about by activation.
One potential candidate site for the cognitive effects of prenatal cocaine is the frontal cortex. Dysfunction in this region has been associated with disruption in cognitive processes, including memory and attention (Goldman-Rakic 1998) . Additionally, deficits in shortterm working memory can be observed with altered dopaminergic function in the prefrontal cortex of rats and non-human primates (Goldman-Rakic 1998; Morrow et al. 2000c; Murphy et al. 1996) . One obvious mechanism by which prenatal cocaine exposure could impact on the frontal cortex is by blockade by cocaine of the monoamine transporters, including that of dopamine, in that region. Fetal changes in monoamine levels in the developing frontal cortex could potentially result in an anatomical or functional disruption (Levitt 1998; Pendleton et al. 1998 ). Wang and colleagues reported changes in the GABAergic neurons in the cortex, leading to the hypothesis that prenatal cocaine exposure could result in a disruption of the excitatory/inhibitory balance (Wang et al. 1995 (Wang et al. , 1996 . In this current report, we investigate potential changes in the activation of the intrinsic neurons of the frontal cortex using Fos as a marker.
A portion of the frontal cortex, specifically the medial prefrontal cortex in the rat, has been indicated to be sensitive to stress. Exposure to footshock resulted in increased expression of the immediate early gene, c-fos , in the medial prefrontal cortex compared with other frontal cortical regions (Morrow et al. 2000a) . In addition to the intrinsic frontal cortex neurons, the dopaminergic projections to this region are responsive to environmental stress, see (Roth et al. 1988 ) for review. With regards to prenatal cocaine exposure, Spear and colleagues (Katovic et al. 1999; Wood and Spear 1998) , and Soliman and colleagues (Choi et al. 1998b; Huber et al. 2001) , have both hypothesized that prenatal cocaine altered an animal's response to stress. To test the extent of this hypothesized disruption in the normal stress response, we have chosen to also examine the amygdala-a specialized cortical region associated with responsiveness to stress and memory involving rewards/punishments (for review see LeDoux 1993 LeDoux , 2000 .
EXPERIMENTAL PROCEDURES Cocaine Administration to Pregnant Dams
Cocaine was administered to individually housed, pregnant rats for 11 days through an intravenous indwelling catheter starting embryonic day E 10 and ending with E 20. On E 7 or 8, timed pregnant SpragueDawley dams (Charles River Laboratory, Wilmington, MA) were anesthetized using halothane. Incision sites on the neck and back were shaved and scrubbed with a povidine-iodine solution. A small incision was made on the back and neck and a subcutaneous tunnel for the catheter was made between the incisions. The right external jugular vein was isolated and catheterized with PE-50 tubing that was pushed to the approximate level of the right atrium. The catheter was prepared with attached "dumb-bell" shaped PE-90 tubing that was used to secure the catheter in place with suture (Waynforth and Flecknell 1992) . The neck wound was closed with suture. The other end of the catheter was connected to an injection port that was previously imbedded in acrylic resin to allow for proper orientation in the animal's back. The wound on the animal's back was closed with staples leaving the silastic end of the injection port exposed. A topical antibiotic/analgesic (neomycin, polymyxin B, bacitracin, and pramoxine; Schein, Port Washington, NY) was applied to both wounds and the animals were given acetaminophen (1.6 mg/ml; Schein) in the drinking water for 24 h after surgery. The catheter was flushed with heparin/saline (20 units/ml) twice a day until cocaine was administered.
Starting on E 10, two or three days after surgery, surgically prepared rats received saline or cocaine (3 mg/ kg) twice a day at approximately 10 A . M . and 4 P . M . Rats were weighed daily to assure accurate dosage and the injection port was cleaned with a 70% ethanol scrub before each injection. Sterile supplies and drugs were used at all times. The injection volume was 1 ml/kg and was delivered over a 30 s interval. After the drug administration, the catheter was flushed with heparin saline (20 units/ml), again taking care to avoid a rapid delivery of the remaining cocaine in the line. Drug administration was stopped after E 20 to: (1) avoid any potential cocaine or handling induced complications with the delivery of the pups on approximately E 21 or 22; (2) assure that each dam received the same dosage of cocaine regardless of when the delivery occurred.
Within 24 h after birth, the pups from the saline and cocaine treated dams were moved to foster dams that had also just given birth. The number of pups was reduced to 11 per group, if necessary, and the pups were left undisturbed until postnatal day P 21, when they were weaned from the foster dams and separated by sex. Rats were group housed with their same-sex littermates with a maximum of five rats in a cage, however no rat was individually housed and only one rat was used per litter for each treatment group. After weaning, the rats were left undisturbed until testing started at P 41-42. After fostering, the surgically prepared dams were given an overdose of pentobarbital (100 mg/kg) and the location of the tip of the catheter was verified during a necropsy examination. All animal procedures were approved by the Yale University Institutional Animal Care and Use Committee and designed to minimize animal use and suffering.
Experimental Design
Two adolescent (P 41 or 42) male offspring from each of four saline litters and four cocaine litters were moved to the laboratory from the animal facility and tested for the effects of footshock on the expression of the immediate-early gene, c-fos (Morrow et al. 2000a ). The pre-adult age was selected to better mimic the effects observed in children (Delaney-Black et al. 1998; Dow-Edwards et al. 1999) and to be comparable to other work done in our laboratory (Elsworth et al. 2000; Morrow et al. 2000b ). Rats were habituated to a novel chamber (24 ϫ 30 ϫ 27 cm) for 30 min during each of three daily sessions based upon previous experience showing that this protocol would suppress novelty-induced Fos expression in untreated male rats. One rat of each litter was subjected to a mild footshock, ten randomly timed 0.8 mA shocks each paired with a soft tone, over 30 min, as previously published (Morrow et al. 1995 (Morrow et al. , 1999b (Morrow et al. , 2000a , while the other rat from each litter was subjected to randomly timed tones without the footshock. The tone was produced by a piezoelectric cell, 2.8 kHz and was 5 dB above background noise. This tone did not result in any startle response in the rat, as previously reported (Morrow et al. 1995) . Rats exposed to this tone/footshock protocol do not generally jump or display overt escape behaviors, but tend to remain immobile for an increasing interval after the tone/footshock, starting at about 5-10 s after the first tone/footshock and increasing to about 40-50 s after the final tone/footshock (Morrow et al. 1995 (Morrow et al. , 1999b (Morrow et al. , 2000a . The chamber was cleaned between animals with 70% ethanol and was contained within a dimly lit sound attenuating chamber with a white noise generator to minimize external noises. After a 2 h delay to allow for the production of Fos protein, rats were give pentobarbital (65 mg/kg i.p.; Sigma, St. Louis, MO) to induce deep anesthesia and received trans-cardiac perfusion with 50 ml of saline with heparin (1 unit/ml) followed by 250 ml 4% formaldehyde in phosphate buffer (PB; 0.1 M, pH ϭ 7.4).
One male offspring from each of three cocaine and three saline litters was left in the animal facility until approximately 5 min before they were killed on P 41 to provide a measure of Fos-ir expression under the animal's normal conditions. These rats were born and remained in the same room of the housing facility until they were removed from the room, anesthetized with pentobarbital, and perfused as previously described. This procedure prior to fixation took approximately 5 min, which is insufficient time for the production of handling-induced Fos protein.
Immunocytochemical Analysis
The brains were stored overnight in 4% formaldehyde in PB and then cut on a vibratome into 50 m sections and serially separated into five sets of tissues, so that each set had tissue sections 250 m (5 ϫ 50 m) apart. A set of tissue sections was immunostained using immunocytochemistry techniques previously described (Morrow et al. 1999a (Morrow et al. , 2000a . Briefly, prepared sections were incubated in a rabbit anti-Fos antiserum (1:20,000 dilution, Ab-5, Oncogene Science, Cambridge, MA) overnight at room temperature. Fos-ir was visualized using the ABC technique (Hsu et al. 1981 ) using a Vectastain Elite kit (Vector Labs, Burlingame, CA) as follows: (1) incubation for 2 h with a biotinylated goat anti-rabbit secondary antibody (Vector Labs, 1:600 dilution in PB); (2) rinsed with PB (3 times for 10 min); (3) incubated in an avidin-biotin complex reagent for 2 h at room temperature. The sections were then washed and the tissue-bound peroxidase was visualized using a nickel-intensified diaminobenzidine reaction (0.04% diaminobenzidine, 2.5% nickel sulfate, & 0.005% hydrogen peroxide. Finally, sections were washed repeatedly with PB to terminate the reaction. An adjacent set of tissue sections was immunostained for Fos and then stained using 0.1% Cresyl Violet, a Nissl stain, to allow visualization of brain landmarks. All sections were mounted on gelatin coated slides and covered with coverslips. Black and white photomicrographs in Figure 1 and 2 demonstrate both the Fos-ir immunostaining and cresyl violet counterstain. Each batch of antibody, pri- mary or secondary, used was tested for non-specific staining by omission of the appropriate antibody.
Fos-ir nuclei were counted using a modified single section dissector method based on published methods (Howard and Reed 1998) . The density of Fos-ir nuclei in the areas of interest were determined using a microscope (Olympus BH-2), CCD camera/frame grabber board (Scion Corp., Frederick, MD) and Macintosh computer running the public domain software, NIH Image (developed at the U.S. National Institutes of Health and available on the Internet at http:// rsb.info.nih.gov/nih-image). Cavalieri grids were used with NIH Image from macros developed by Glenn MacDonald at the University of Washington (ftp:// codon.nih.gov/pub/nih-image/contrib/ Cavalieri_3.sit.bin). The areas of interest were sampled using a systematic random sampling technique. In this portion of the study, only the deep layers (layers V and VI) were sampled as stress has been shown to strongly activate Fos-ir in the deep layers of the medial prefrontal cortex (Morrow et al. 2000a) . The regions of the frontal cortex were sampled approximately between 2.2 and 3.2 mm anterior to Bregma to allow comparison with the known biochemical activity of dopamine within the prelimbic and infralimbic regions (Morrow et al. 1999b) . Cortical regions sampled within the frontal cortex include the prelimbic (PL), infralimbic (IL), anterior cingulate (aCg), lateral orbital (LO), ventral orbital (VO), anterior primary motor (M1), and anterior secondary motor (aM2). All regions were determined from the Nissl stained sections based upon identification using an atlas (Paxinos and Watson 1997) . Other cortical regions were sampled from approximately 1.8 to 3.8 mm posterior to Bregma and include the insular, anterior primary somatosensory (aS1), posterior primary somatosensory (pS1), secondary somatosensory (S2), retrosplenial (RSP), and auditory cortices. The density of Fos-ir nuclei was used to adjust for the different sizes of the regions of interest, thus, allowing comparisons across the different cortical regions.
The volume of the PFC cortical regions, where Fos-ir was noted to be most affected, was measured using a Cavalieri point grid technique from the Nissl stained sections. The widths of the layers of medial PFC were measured from the Nissl stained sections drawn using a camera lucida apparatus attached to an Olympus BH-2 microscope. The widths of the layers within the sections were measured at the dorsal edge of the region of interest.
The expression of Fos-ir in the amygdala was determined by simple profile counting at two levels (approximately Ϫ 2.5 and Ϫ 2.8 mm to Bregma) using a camera lucida device connected to an Olympus BH-2 microscope. As no differences were noted between the prenatal cocaine and prenatal saline rats, no further attempt was made to estimate the total number of Fos-ir nuclei or regional volumes in the subregions of the amygdala.
Prenatal exposure to cocaine was associated with a dramatic increase in the number of, and variability within a group of, Fos-ir nuclei in the frontal cortex so that these data violated the assumption of homogeneity of variance required for analysis of variance (ANOVA) (Box test for homogeneity of variance, Winer 1971, pp 37-41) . To correct this, the data were transformed using a square root transformation (Winer 1971, pp 397-401) . A repeated measures, univariate, ANOVA with type III sums of squares was used to analyze the transformed mean density of Fos-ir nuclei in the cortical brain regions with the between factors of prenatal treatment and acute treatment (footshock). The within factor was the cortical region. Main effects were further investigated using Newman-Keuls range testing. Data from the amygdala were analyzed as previously described without the square root transformation. Comparison of the effects of prenatal cocaine exposure in the home environment were performed using a repeated measures, univariate, ANOVA with the between factor being prenatal treatment and the within factor being cortical re- Figure 2 . Photomicrographs of the prelimbic, ventral orbital, and M1 motor cortices in handled, non-shocked rats exposed prenatally to either saline or cocaine. Fos-immunoreactive nuclei (black) are visible in cresyl violet-stained cells (gray).
gion. Specific contrasts were performed by means comparison, assigning equal weights to each cell (Winer 1971) , when significant interactions of the main effects were observed. p Ͻ .05 was considered significant for all tests and all data is presented as mean Ϯ the standard error of the mean.
RESULTS
A number of parameters were monitored throughout the gestational period and in the resulting offspring. No differences were observed in maternal weights or weight gain, gestational duration, number of offspring, or male:female ratio (data not shown, see Morrow et al., in press ). The weights of the male pups at P 41 were not altered by cocaine exposure (saline 199 Ϯ 7 g; cocaine 200 Ϯ 6 g). Additionally, no seizures or unexpected behaviors occurred during or after the administration of cocaine or saline in any pregnant dams.
Fos-ir Expression Was Elevated in Non-shocked Prenatal Cocaine Rats
Before density measures of Fos-ir nuclei could be made, we determined if there were any changes in the areas of the regions of interest. A change in the cortical area due to prenatal cocaine treatment would then require a different method of analysis (Howard and Reed 1998) . On Nissl stained sections, the volume of subregions of the prefrontal cortex were determined using Cavalieri method. Prenatal exposure to cocaine had no effect on the cortical volumes of these subregions (Table 1 ). The thickness of the cortical layers of the mPFC were measured at five intervals of 250 m from approximately 2.2 to 3.2 mm anterior to Bregma. No differences in cortical layer thickness were noted in any layer at any level of the mPFC (Table 2) .
Adolescent male rats prenatally exposed to either cocaine or saline were exposed to a novel, neutral environment for three sessions to reduce novelty related Fos-ir expression in the mPFC, as is our usual protocol (Morrow et al. 2000a ). The following day, rats were subjected to 10 soft tones each lasting 5 s. Half of the rats also received a paired footshock (see following section).
Figure 1 and 2 demonstrate immunostaining for Fos-ir nuclei, shown as black in these photomicrographs, with a Nissl counterstain, shown as gray. This allowed for clear identification of the number of Fos-ir nuclei as well as identification of anatomical location. Nonshocked, prenatal saline rats show low levels of Fos-ir expression, as expected from studies with untreated controls (Morrow et al. 1999a (Morrow et al. , 2000a . In the handled, non-shocked rats, prenatal cocaine exposure was associated with dramatically elevated expression of Fos-ir in the orbital cortex (LO and VO), the medial prefrontal cortex (IL, PL, and aCg), see Figure 2 for representative photomicrographs of the PL region and Figure 3 for quantification. Other regions showed a smaller, but still significant, increase in Fos-ir expression (M2 and aS1). There were no differences in Fos-ir expression between the prenatal saline and prenatal cocaine rats in the M1, insular, pS1, S2, RSP, or auditory cortical regions.
Footshock Associated Fos-ir Expression in Cortical Regions of Prenatal Cocaine Rats
Previously we have demonstrated that this tone-paired footshock design results in increased Fos-ir expression in several regions of medial prefrontal cortex of untreated rats (Morrow et al. 2000a ). In this current study, prenatal saline rats demonstrated footshock associated increases in the number of Fos-ir nuclei in the ventral and medial PFC, namely the VO, LO, IL, and PL ( Figure  3 ). Prenatal cocaine rats did not show this pattern of activation of Fos-ir in the prefrontal cortex. No footshockinduced activation was seen in prenatal cocaine treated rats in the ventral and medial PFC, although a significant footshock associated increase in Fos-ir expression was noted in the M2. It is, however, quite possible that due to the elevated number of Fos-ir in the non-shocked prenatal cocaine rat, no additional increase could be elicited by footshock.
Orbital Cortex Fos-ir Expression Was Diminished in Prenatal Cocaine Rats in Their Home Environment
After observing elevated Fos-ir expression in prenatal cocaine rats under conditions where levels would be expected to be low, we killed rats for analysis directly The volume of cortex occupied by the prelimbic (PL), infralimbic (IL), anterior cingulate (aCg), and ventral and lateral orbital (VO and LO) cortices was measured using a Cavalieri point grid technique in adolescent male rats prenatally exposed to either cocaine or slaine. Cocaine exposure did not alter the volumes of any cortical region examined. All results are presented as mean Ϯ S.E.M. F 1,4 ϭ 0.28, p ϭ .63. from the home cages in the vivarium. These unhandled rats were born and spent their entire lives in this same room. The dramatic elevation of Fos-ir in the medial and ventral PFC observed in handled, non-shocked prenatal cocaine rats was not seen in unhandled prenatal cocaine rats, although a small, but significant, decrease in Fos-ir expression in the LO and VO was noted (Figure 4) . Interestingly, animals in the vivarium displayed higher levels of Fos in the prefrontal cortex than handled, non-shocked rats. We assume that this may be due to the constant interactions with cagemates and the noise of the surroundings, but further work is necessary to investigate this observation.
Prenatal Treatment Did Not Alter Control or Footshock Activated Fos-ir Expression in the Amygdala
The number of Fos-ir nuclei were determined in several subregions of the amygdala of rats prenatally treated with either saline or cocaine. Unlike the prefrontal cortical regions, there was no effect of prenatal treatment on non-shock or footshock Fos-ir expression ( Figure 5) . In both the prenatal saline and prenatal cocaine rats, footshock increased Fos-ir expression in several subregions of the amygdala, including the lateral nucleus (La) basolateral nucleus (BLa), and central nucleus (Ce). Other regions examined showed no effect of footshock, namely the endopiriform nucleus (En), intraamygdaloid division of the bed nucleus of the stria terminalis (BST-IA), intercalated nucleus (IC), basomedial nucleus (BMe), and cortical nucleus (Co).
DISCUSSION
Cognitive deficits have been reported with prenatal exposure to cocaine in humans and in animals models. Infants exposed to cocaine in utero have demonstrated deficits in memory (Singer et al. 1999 ) and attention (Eyler et al. 1998; Heffelfinger et al. 1997; Karmel and Gardner 1996) . Older children have demonstrated a lessened ability to maintain attention on a vigilance task (Richardson et al. 1996) and greater distractibility on continuous performance tasks (Dow-Edwards et al. 1999; Leech et al. 1999) . In animal models, similar deficits have been noted. Prenatal cocaine exposed rats performed more poorly than controls in tests of spatial memory (Choi et al. 1998a; Cutler et al. 1996; Heyser et al. 1995; Levin and Seidler 1993; Tonkiss et al. 1997; Vorhees et al. 1995) and non-spatial memory (Morrow et al. 2000b) . Deficits in attention have also been noted (Garavan et al. 2000; Mactutus 1999; Romano and Harvey 1996) . The mechanism for this pattern of cognitive The widths of the cortical layers were measured from Nissl stained sections along the dorsal edge of the prelimbic and infralimbic regions of rats prenatally exposed to either cocaine or saline. Five sections which ranged from appeoximately 2.2 to 3.2 mm anterior to Bregma were used to measure layer thickness and are denoted "A" through "E" in this table. No significant differences were noted comparing the saline and cocaine exposed groups. All results are presented as mean Ϯ S.E.M. deficits associated with in utero cocaine exposure is unknown.
Cognitive deficits, including those involving working memory and attention, have been linked to the frontal cortex (Goldman-Rakic 1998). Although the hypothesis that the cognitive effects of prenatal cocaine result from morphological or functional changes in the frontal cortex is intriguing, limited data from animal models are available to support it. Wang and colleagues (1995) noted an increase in the number of GABAergic neurons in the anterior cingulate region of the frontal cortex, but not in the visual cortex, of rabbits exposed to cocaine in utero. In spite of the elevated number of GABAergic interneurons, no change was noted in several other morphometric measures of the frontal cortex, namely cortical lamination, total cell number, and soma size. In this current study, we too failed to see any morphological changes in the frontal cortex. These same authors also noted an increase in the number of dendrites on parvalbumin containing GABAergic interneurons, leading them to conclude that prenatal cocaine exposure resulted in a disruption of the excitatory/inhibitory balance of the anterior cingulate region of the frontal cortex (Wang et al. 1996) . This hypothesis is supported by the results presented in this current report. We have observed a dramatic elevation in the expression of the immediate early gene, c-fos, in handled, non-shocked rats exposed to cocaine in utero.
Fos is the protein product of c-fos, a member of the immediate-early gene family and, in combination with other protein products from the c-jun transcription family, forms heterodimers which bind to the AP-1 site on DNA and, thus, regulate the transcription of other genes (Hoffman et al. 1992; Morgan and Curran 1991) . The activation of Fos expression in the CNS has been associated with stressful stimuli (Duncan et al. 1996; Morrow et al. 2000a; Schreiber et al. 1991; Smith et al. 1992) as well as many other stimuli which seem to share a novelty component (Campeau et al. 1991; Graybiel et al. 1990; Mack and Mack 1992; Sharp et al. 1991) . The expression of Fos indicates that the neuron is in the process of undergoing long-term adaptation brought about by activation. For this reason, not every neuron undergoing activation will also express Fos. Although it is not possible to determine the exact cause of the activation of Fos-ir in the non-shocked, prenatal cocaine rats, it seems feasible that neurons in the medial and ventral prefrontal cortex did not fully adapt to the novelty of the test environment. A second possibility is that the soft tones used during testing contributed to the abnor- Figure 3 . Fos-immunoreactive (Fos-ir) expression in cortical regions of handled prenatal saline and prenatal cocaine rats exposed to footshock. Rats were exposed to three habituation sessions in the test environment to suppress novelty-induced Fos-ir, as we have previously done. The following day, the rats were returned to the test cage and exposed to 10 soft tones with or without footshock. Handled, non-shocked prenatal cocaine rats demonstrated dramatically elevated Fos-ir expression in the following cortical regions (prenatal treatment X regions interaction: F 12,120 ϭ 37.8, p Ͻ .0001): ventral and lateral orbital (VO and LO, respectively; p Ͻ .0001), infralimbic (IL, p Ͻ .0001), prelimbic (PL; p Ͻ .0001), anterior cingulate (aCg, p Ͻ .0001), secondary motor cortex (M2; p ϭ .0006), and anterior primary somatosensory (aS1, p ϭ .006). No difference was noted in any other cortical region examined: primary motor cortex (M1), insular (Ins), posterior primary somatosensory (pS1), secondary somatosensory (S2), retrosplenial (RSP), and auditory cortex (Aud). Footshock increased Fos-ir nuclei in the LO, VO, IL, and PL of prenatal saline rats (p Ͻ .05). Footshock failed to further increase Fos-ir in these regions in the prenatal cocaine exposed rat but did show a small increase in the M2 (p ϭ .04). * indicates p Ͻ .05 vs. same treatment, non-shocked control. ❖ indicates p Ͻ .05 vs. handled, non-shocked saline control. mal Fos expression. The failure of the neurons in the ventral and medial PFC to habituate or adapt to less important, external stimuli may contribute to a failure to attend to more salient stimuli. Our working hypothesis is that prenatal cocaine exposure renders the neurons of the medial and ventral PFC less able to adapt to the surrounding environment and this failure of the frontal cortex to adapt to extraneous, external stimuli contributes to the cognitive deficit reported.
The mechanism of the activation of Fos in the medial and ventral prefrontal cortex of the non-shock, prenatal cocaine rats is not known at this time; however, ongoing studies present an interesting theory. Recently, we have reported that dopaminergic activity in the medial prefrontal cortex of prenatal cocaine rats is enhanced in response to footshock (Elsworth et al. 2000) . Potentially, changes in the function of the mesoprefrontal dopamine neurons could contribute to cognitive deficits, including shortterm, working memory (Goldman-Rakic 1998; Morrow et al. 2000c; Murphy et al. 1996) . Changes in dopamine function, however, may occur in concert with other changes to fundamentally disrupt the excitatory balance of the frontal cortex or changes in dopaminergic activity may be in response to an already disrupted excitatory activation in the frontal cortex. One neurotransmitter system that may potentially collaborate with dopamine in the disrupted excitatory/inhibitory balance of the frontal cortex is the intrinsic GABAergic interneurons. GABAergic neurons are thought to control excitation in the frontal cortex through a number of types of synaptic interactions involving the inhibitory GABA controlled chloride channel (Gabbott et al. 1997; Lewis 2000) . In support of this theory, dopamine neurons have been shown to innervate the GABAergic interneurons of the rat medial prefrontal cortex (Sesack et al. 1995) . More work, however, is necessary to better understand the significance of this potential interaction.
Several authors, including our laboratory, have proposed that prenatal cocaine exposure renders rats more susceptible to environmental stress and that this enhanced response to stress could result in the cognitive deficits that have been reported. A key portion of the central response to stress appears to involve activation of neurons in the amygdala (Campeau et al. 1991; Kovacs 1998; LeDoux 2000) . The results presented here do not fully support the hypothesis that prenatal cocaine renders all the proposed neuronal systems hyperresponsive to stress, as the stress activation of Fos expression in the amygdala was not altered by prenatal cocaine exposure. Additionally, there was no elevation of Fos expression in the amygdala under handled, nonshocked conditions, as was observed in the medial and ventral prefrontal cortex. The activation of Fos in the amygdala of both prenatal saline and prenatal cocaine rats occurred in the primary input nuclei, La and BLa, and out- Figure 4 . Fos-immunoreactive (Fos-ir) expression in prenatal cocaine and prenatal saline rats in their home cage in the vivarium. Unlike reported in the handled, non-shocked rats, prenatal cocaine exposure was not associated with an increase in Fos-ir density as noted in Figure 3 . In contrast, unhandled prenatal cocaine rats demonstrated a significant decrease in Fos-ir expression in the ventral and lateral orbital cortex (VO and LO, p ϭ .0002 and 0.0043, respectively), but no difference in the medial and other areas of the prefrontal cortex, namely infralimbic (IL), prelimbic (PL), anterior cingulate (aCg), and primary and secondary motor cortices (M1 and M2). Prenatal treatment X region interaction: F 6,24 ϭ 2.9, p ϭ .028. * indicates p Ͻ .05 vs. saline control. put nucleus, Ce (LeDoux 2000). Although footshock did not further increase Fos expression in the ventral and medial prefrontal cortex of prenatal cocaine rats, this effect could likely be due to the high level Fos expression under non-shock conditions. Other studies have noted enhanced measures of some biochemical markers that have normally been associated with stress responses, including elevated serum corticosterone levels in prenatal cocaine rats (Choi et al. 1998b; Huber et al. 2001 ) and increased dopamine turnover in the medial prefrontal cortex (Elsworth et al. 2000) . From the data at hand, however, it appears that prenatal exposure to cocaine does not simply intensify the normal stress response of an animal but may alter select aspects of that response.
In conclusion, we report that prenatal cocaine selectively activated the expression of the immediate early gene, c-fos, in intrinsic neurons of the ventral and medial PFC. No change was noted in baseline or footshock activated Fos expression in the amygdala, thus indicating that prenatal cocaine exposure did not result in a general hypersensitivity of the normal stress response. The biochemical changes that occur in the PFC in response to the prenatal exposure to cocaine may play a role in the disruption of cognitive processes previously reported.
Elsworth JD, Morrow BA, Roth RH (2000) : Prenatal exposure to cocaine enhances reactivity and reduces the number of A10 dopaminergic neurons. Society for Neuroscience Abstracts 26:268 Figure 5 . Fos-immunoreactive (Fos-ir) nuclei in the amygdala of non-shocked and footshocked prenatal cocaine and prenatal saline rats. Footshock increased Fos-ir expression in several subregions of the amygdala, including the lateral (La, p ϭ .038), basolateral (BLa, p Ͻ .0001), and central (Ce, p Ͻ .0001). Other areas did not show changes including the endopiriform nucleus (En), intraamygdaloid division of the bed nucleus of the stria terminalis (BST-IA), intercalated nucleus (IC), basomedial nucleus (BMe), and cortical nucleus (Co). Region X footshock interaction: F 7,91 ϭ6.54, p Ͻ .0001. There was no effect of prenatal treatment on Fos-ir expression in the amygdala (F 1,13 ϭ0.12, p ϭ .73). * indicates p Ͻ .05 vs. same treatment, nonshocked control.
